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57 ABSTRACT

A cluster of semiconductor fins is formed on an insulator
layer. A masking material layer is formed over the array of
semiconductor fins such that spaces between adjacent semi-
conductor fins are filled with the masking material layer. A
photoresist layer is applied over the masking material layer,
and is lithographically patterned. The masking material layer
is etched to physically expose a sidewall surface of a portion
of an outermost semiconductor fin in regions not covered by
the photoresist layer. A recessed region is formed in the insu-
lator layer such that an edge of the recessed region is formed
within an area from which a portion of the semiconductor fin
is removed. The photoresist layer and the masking material
layer are removed. Within the cluster, a region is provided that
has a lesser number of semiconductor fins than another region
in which semiconductor fins are not etched.

25 Claims, 18 Drawing Sheets
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FIG. 6B
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FIG. 8
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FIG. 10B
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1
LOCAL TAILORING OF FINGERS IN
MULTI-FINGER FIN FIELD EFFECT
TRANSISTORS

BACKGROUND

The present disclosure relates to a semiconductor struc-
ture, and particularly to a method of locally tailoring the
number of fingers in multi-finger fin field effect transistors,
and structures formed by the same.

Fin field effect transistors (finFETs) provide advantage
over conventional planar field effect transistors in terms of
on-current per unit device area because sidewalls of semicon-
ductor fins can be employed as the channel. In order to pro-
vide uniformity of widths among semiconductor fins, the
semiconductor fins are formed as a dense one-dimensional
array of semiconductor fins, and are subsequently patterned
to provide a cluster of semiconductor fins laterally spaced
from adjacent clusters of semiconductor fins.

Because the semiconductor fins have the same width and
the same height in such cases, the on-current of a fin field
effect transistor is determined by the number of semiconduc-
tor fins that a gate electrode straddles. Many semiconductor
circuits, such as static random access memory circuits,
require transistors having different on-currents. In such cases,
the number of semiconductor fins in a single fin field effect
transistor needs to be changed in order to provide transistors
having different on-currents. Thus, it is necessary to locally
cut semiconductor fins, i.e., to remove a portion of a long
semiconductor fin in a region where a device with a reduced
on-current needs to be formed.

Because the semiconductor fins are formed as a dense
array, precise placement of a lithographic mask between
semiconductor fins is a challenge, and causes significant level
of'reworks in lithographic processing and/or causes defective
devices due to lithographic overlay problems, e.g., due to an
unsuccessful cut or a cut that extends to a region where
semiconductor fins should not be cut. Thus, a reliable method
of cutting a semiconductor fin in a dense array of semicon-
ductor fins is desired.

Because increasing the density of semiconductor fins
enables greater layout density and reduced parasitic capaci-
tance, fins are often patterned using sidewall image transfer
processes, in which fins are located along the sidewalls of a
mandrel shape. One property of the sidewall image transfer
technique is that the number of fins formed is always even.
Thus, the number of fins in a device may be increased or
decreased by two by adding or removing a mandrel shape.
However, an odd number of fins can only be formed by
trimming. In this case, the ability to trim away a single fin is
particularly important.

SUMMARY

A cluster of semiconductor fins is formed on an insulator
layer. A masking material layer is formed over the cluster of
semiconductor fins such that spaces between adjacent semi-
conductor fins are filled with the masking material layer. A
photoresist layer is applied over the masking material layer,
and is lithographically patterned such that a sidewall of the
masking material layer is physically exposed in regions from
which a portion of an outermost semiconductor fin is to be
subsequently removed, while sidewalls of the masking mate-
rial layer are covered by the photoresist layer in regions in
which semiconductor fins are to be protected from cutting.
The overlay tolerance for the lithographic patterning can be
on the order of the dimension of a cluster of semiconductor
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fins along a widthwise direction of the semiconductor fins.
The masking material layer is etched to physically expose a
sidewall surface of a semiconductor fin in regions not covered
by the photoresist layer. A recessed region is formed in the
insulator layer such that an edge of the recessed region is
formed within an area from which a portion of the semicon-
ductor fin is removed. The photoresist layer and the masking
material layer are removed. Within the cluster, a region is
provided that has a lesser number of semiconductor fins than
another region in which semiconductor fins are not etched.

According to an aspect of the present disclosure, a semi-
conductor structure is provided, which includes a stack of a
semiconductor fin and a dielectric fin located on an insulator
layer and extending along a lengthwise direction. A first semi-
conductor end wall of the semiconductor fin and a first dielec-
tric end wall of the dielectric fin are vertically coincident with
each other. A second dielectric end wall of the dielectric fin
extends farther along the lengthwise direction than a second
semiconductor end wall of the semiconductor fin.

According to another aspect of the present disclosure,
another semiconductor structure is provided, which includes
a semiconductor fin extending along a lengthwise direction
and located on an insulator layer. The insulator layer includes
a topmost surface and a recessed region including a recessed
horizontal surface and a curved surface that adjoins the
recessed horizontal surface and adjoins the topmost surface at
arecess edge. The recess edge adjoins a bottom surface of the
semiconductor fin.

According to yet another aspect of the present disclosure, a
method of forming a semiconductor structure is provided. A
plurality of stacks of a semiconductor fin and a dielectric fin
is formed on an insulator layer. Each of the plurality of stacks
extends along a lengthwise direction. A masking material
layer is formed over the plurality of stacks. The masking
material layer fills each volume between the plurality of
stacks up to a topmost surface of the plurality of stacks. A
patterned photoresist layer is formed over the masking mate-
rial layer. A sidewall of the patterned photoresist layer con-
tacts a portion of the masking material layer overlying the
plurality of stacks. A portion of a sidewall of an outermost
semiconductor fin among a plurality of semiconductor fins
within the plurality of stacks is physically exposed by remov-
ing portions of the masking material layer that are not covered
by the patterned photoresist layer. A portion of the outermost
semiconductor fin is removed by etching the portion of the
outermost semiconductor fin while a remaining portion of the
masking material layer is present on the insulator layer.

BRIEF DESCRIPTION OF SEVERAL VIEWS OF
THE DRAWINGS

FIG. 1 is a vertical cross-sectional view of an exemplary
structure after formation of a dielectric layer on a semicon-
ductor-on-insulator (SOI) substrate according to an embodi-
ment of the present disclosure.

FIG. 2 is a vertical cross-sectional view of the exemplary
semiconductor after formation of a plurality of mandrel struc-
tures according to an embodiment of the present disclosure.

FIG. 3 is a vertical cross-sectional view of the exemplary
structure after formation of a fin-defining dielectric layer
according to an embodiment of the present disclosure.

FIG. 4 is a vertical cross-sectional view of the exemplary
structure after patterning the fin-defining dielectric layer into
fin-defining dielectric spacers according to an embodiment of
the present disclosure.
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FIG. 5 is a vertical cross-sectional view of the exemplary
structure after removal of the plurality of mandrel structures
according to an embodiment of the present disclosure.

FIG. 6A is a vertical cross-sectional view of the exemplary
structure after formation of patterned portions of the dielec-
tric layer and the semiconductor layer according to an
embodiment of the present disclosure.

FIG. 6B is a top-down view of the exemplary structure of
FIG. 6A. The vertical plane A-A' is the plane of the vertical
cross-sectional view of FIG. 6A.

FIG. 7A is a vertical cross-sectional view of the exemplary
structure after removal of end portions of the patterned por-
tions of the dielectric layer and the semiconductor layer
according to an embodiment of the present disclosure.

FIG. 7B is a top-down view of the exemplary structure of
FIG. 10A. The vertical plane A-A' is the plane of the vertical
cross-sectional view of FIG. 7A.

FIG. 8 is a top down view of the exemplary structure after
removal of a photoresist layer according to an embodiment of
the present disclosure.

FIG. 9 is a vertical cross-sectional view of the exemplary
structure after formation of a masking material layer accord-
ing to an embodiment of the present disclosure.

FIG. 10A is a vertical cross-sectional view of the exem-
plary structure after formation of a patterned photoresist layer
according to an embodiment of the present disclosure.

FIG. 10B is a top-down view of the exemplary structure of
FIG. 10A. The vertical plane A-A' is the plane of the vertical
cross-sectional view of FIG. 10A.

FIG. 11 is a vertical cross-sectional view of the exemplary
structure after removing portions of the masking material
layer that are not covered by the patterned photoresist layer
according to an embodiment of the present disclosure.

FIG. 12 is a vertical cross-sectional view of the exemplary
structure after removal of physically exposed portions of
outermost semiconductor fins according to an embodiment of
the present disclosure.

FIG. 13A is a vertical cross-sectional view of the exem-
plary structure after removal of the patterned photoresist layer
and the masking material layer according to an embodiment
of the present disclosure.

FIG. 13B is a horizontal cross-sectional view of the exem-
plary structure of FIG. 13 A along the horizontal plane B-B'.

FIG. 13C is a horizontal cross-sectional view of the exem-
plary structure of FIG. 13 A along the horizontal plane C-C'.

FIG. 14A is a top-down view of the exemplary structure
after formation of gate dielectrics, gate electrodes, and gate
spacers according to an embodiment of the present disclo-
sure.

FIG. 14B is a vertical cross-sectional view of the exem-
plary structure of FIG. 14A along the vertical plane B-B'.

FIG. 15A is a vertical cross-sectional view of a variation of
the exemplary structure after removal of dielectric fins
according to an embodiment of the present disclosure.

FIG. 15B is a top-down view of the variation of the exem-
plary structure of FIG. 15A.

FIG. 16A is a top-down view of the variation of the exem-
plary structure after formation of gate dielectrics, gate elec-
trodes, and gate spacers according to an embodiment of the
present disclosure.

FIG. 16B is a vertical cross-sectional view of the variation
of the exemplary structure of FIG. 16A along the vertical
plane B-B'.

DETAILED DESCRIPTION

As stated above, the present disclosure relates to a method
of locally tailoring the number of fingers in multi-finger fin
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4

field effect transistors, and structures formed by the same.
Aspects of the present disclosure are now described in detail
with accompanying figures. It is noted that like reference
numerals refer to like elements across different embodiments.
The drawings are not necessarily drawn to scale.

Referring to FIG. 1, an exemplary structure according to an
embodiment of the present disclosure includes a semiconduc-
tor substrate and a dielectric layer formed thereupon. In one
embodiment, the semiconductor substrate can be a semicon-
ductor-on-insulator (SOI) substrate including a stack, from
bottom to top, of a handle substrate 10, a buried insulator
layer 20, and a top semiconductor layer 30L.

The handle substrate 10 can include a semiconductor mate-
rial, a conductive material, and/or a dielectric material. The
handle substrate 10 provides mechanical support to the buried
insulator layer 20 and the top semiconductor layer 30L. The
thickness of the handle substrate 10 can be from 30 microns to
2 mm, although lesser and greater thicknesses can also be
employed.

The buried insulator layer 20 is an insulator layer including
a dielectric material such as silicon oxide, silicon nitride,
silicon oxynitride, or a combination thereof. The thickness of
the buried insulator layer 20 can be from 50 nm to 5 microns,
although lesser and greater thicknesses can also be employed.

The top semiconductor layer 30L. is a semiconductor mate-
rial layer including a first semiconductor material. The first
semiconductor material can be an elemental semiconductor
material or a compound semiconductor material. For
example, the first semiconductor material can be silicon, ger-
manium, a silicon-germanium alloy, or a silicon-carbon alloy.
The first semiconductor material may or may not be doped
with p-type dopants and/or n-type dopants. The first semicon-
ductor material can be a single crystalline semiconductor
material, a polycrystalline semiconductor material, or an
amorphous semiconductor material. In one embodiment, the
first semiconductor material can be silicon. In one embodi-
ment, the first semiconductor material can be single crystal-
line silicon. The thickness of the top semiconductor layer 30L
can be from 10 nm to 200 nm, although lesser and greater
thicknesses can also be employed.

The dielectric material of the dielectric layer 40L. can be,
for example, silicon oxide, silicon oxynitride, a dielectric
metal oxide, or a combination thereof. The dielectric layer
40L can be formed, for example, by chemical vapor deposi-
tion (CVD) or conversion of a topmost portion of the top
semiconductor layer 30L. by thermal oxidation, thermal nitri-
dation, plasma oxidation, plasma nitridation, or a combina-
tion thereof. The thickness of the dielectric layer 401 can be
from 2 nm to 30 nm, although lesser and greater thicknesses
can also be employed. Alternately, the dielectric layer 40L
may be omitted, for example, in the case of trigate structures
where a dielectric cap is not used over the semiconductor fins.

A mandre] material layer 60L is deposited over the dielec-
tric layer 40L.. The mandrel material layer 60L includes a
material that can be removed selective to the materials of the
dielectric layer 40L. In one embodiment, the mandrel mate-
rial layer 60L. can include amorphous silicon, polysilicon,
amorphous or polycrystalline germanium, an amorphous or
polycrystalline silicon-germanium alloy material, amor-
phous carbon, diamond-like carbon, or organosilicate glass.
The thickness of the mandrel material layer 601 can be, for
example, from 30 nm to 300 nm, although lesser and greater
thicknesses can also be employed. The mandrel material layer
60L can be deposited, for example, by chemical vapor depo-
sition (CVD).

Referring to FIG. 2, the mandrel material layer 60L is
patterned to form a plurality of mandrel structures 60. The
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patterning of the mandrel material layer 60L can be per-
formed, for example, by applying a photoresist layer (not
shown) above the mandrel material layer 60L, lithographi-
cally patterning the photoresist layer to define a set of areas
covered by the patterned photoresist layer, and transferring
the pattern in the photoresist layer into the mandrel material
layer 60L by an anisotropic etch. The anisotropic etch can be
selective to the dielectric materials of the dielectric layer 40L..
The patterned portions of the mandrel material layer are
herein referred to as mandrel structures 60.

In one embodiment, the patterned photoresist layer and the
mandrel dielectric layer 60L can have rectangular shapes as
seen from above. In one embodiment, the rectangular shapes
can be the same across a plurality of portions of the patterned
photoresist layer, and across a plurality of mandrel structures.
In one embodiment, the mandrel structures 60 can form at
least one one-dimensional array of periodic patterns that is
repeated along a horizontal direction. In one embodiment, the
width of each mandrel structures 60 within a one-dimensional
periodic pattern of the plurality of mandrel structures 60 can
be less than the spacing between adjacent mandrel structures
60. Multiple one-dimensional periodic pattern including at
least three mandrel structures 60 can be formed. In other
words, the width of each mandrel structures 60 within a
one-dimensional periodic pattern of the plurality of mandrel
structures 60 can be less than one half of the pitch of the
one-dimensional periodic pattern of the plurality of mandrel
structures 60. In one embodiment, the width of each mandrel
structures 60 within a one-dimensional periodic pattern of the
plurality of mandrel structures 60 can be selected to be less
than one half of the pitch of the one-dimensional periodic
pattern of the plurality of mandrel structures 60 by the thick-
ness of a fin-defining dielectric layer to be subsequently
deposited on the plurality of mandrel structures 60.

Referring to FIG. 3, a fin-defining dielectric layer 62L is
deposited on all physically exposed surfaces of the plurality
of'mandrel structures 60 and the dielectric layer 40L. Portions
of the fin-defining dielectric layer 62L. are subsequently
employed to define shapes of semiconductor fins. The lateral
thickness of the fin-defining dielectric layer 621 as measured
on sidewalls of the plurality of mandrel structures 60 define
the lateral width of each semiconductor fin to be subsequently
formed. The locations of the semiconductor fins to be subse-
quently formed are defined by the locations of the vertical
portions of the fin-defining dielectric layer 62L.. Because the
locations and features of the fin-defining dielectric layer 62
define locations and features of the semiconductor fins to be
subsequently formed, the fin-defining dielectric layer 62 are
herein referred to as a “fin-defining” dielectric layer.

The fin-defining dielectric layer 621 includes a dielectric
material that is different from the dielectric material of the
dielectric layer 40L. If the plurality of mandrel structures 60
includes a dielectric material, the fin-defining dielectric layer
62L includes a dielectric material that is different from the
dielectric material of the plurality of mandrel structures 60. In
one embodiment, the fin-defining dielectric layer 621 can
include silicon nitride, a dielectric metal oxide (e.g., HfO,), a
dielectric metal nitride, or a dielectric metal oxynitride. The
fin-defining dielectric layer 621 is deposited as a conformal
layer, i.e., a layer having the same thickness at horizontal
portions and at vertical portions. The fin-defining dielectric
layer 62L. can be deposited, for example, by low pressure
chemical vapor deposition (LPCVD) or atomic layer deposi-
tion (ALD).

Referring to FIG. 4, the fin-defining dielectric layer 62L is
anisotropically etched, for example, by a reactive ion etch
(RIE), to form a plurality of fin-defining dielectric spacers 62.
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Specifically, the horizontal portions of the fin-defining dielec-
tric layer 62L are etched through in an anisotropic etch until
the top surfaces of the dielectric layer 401 are physically
exposed. The remaining vertical portions of the fin-defining
dielectric layer 621 after the anisotropic etch constitute the
plurality of fin-defining dielectric spacers 62. The fin-defin-
ing dielectric spacers 62 have the same width throughout.

In one embodiment, the plurality of mandrel structures 60
can be a periodic one-dimensional array of periodic structures
having a pitch, and the width of each portion of the fin-
defining dielectric spacers 62 can be the same as one half of
the pitch less the width of a mandrel structure 60. In one
embodiment, each of the plurality of mandrel structures 60
can have a shape of a rectangular parallelepiped, and each of
the plurality of fin-defining dielectric spacers 62 can have a
cross-sectional shape of a rectangular ring, i.e., a three-di-
mensional object having a same horizontal cross-sectional
area throughout such that the shape of the horizontal cross-
sectional are is an area of a larger rectangle less an area of a
smaller rectangle that has the same geometrical center as the
larger rectangle. Further, the width of each fin-defining
dielectric spacer 62 is the same throughout.

Referring to FIG. 5, the plurality of mandrel structures 60
is removed selective to the plurality of fin-defining dielectric
spacers 62. For example, if the plurality of mandrel structures
60 includes a semiconductor material, the plurality of man-
drel structures 60 can be removed by a wet etch that removes
the semiconductor material while not removing the dielectric
material of the plurality of fin-defining dielectric spacers 62.

Referring to FIGS. 6 A and 6B, the pattern in the plurality of
fin-defining dielectric spacers 62 is transferred through the
stack of the dielectric layer 40L. and the top semiconductor
layer 30L. by an anisotropic etch that etches physically
exposed portions of the dielectric layer 401 and the top semi-
conductor layer 30L. The dielectric layer 401 and the top
semiconductor layer 30L are etched employing the plurality
of fin-defining dielectric spacers 62 as an etch mask.

Vertical stacks, from bottom to top, of a semiconductor fin
30, a dielectric fin 40, and a cap dielectric fin 62' are formed
on the top surface of the buried insulator layer 20. Each cap
dielectric fin 62' is a remaining portion of a fin-defining
dielectric spacer 62. Each dielectric fin 40 is a remaining
portion of the dielectric layer 40L.. Each semiconductor fin 30
is a remaining portion of the top semiconductor layer 30L. In
other words, patterned portions of the top semiconductor
layer 30L constitute the plurality of semiconductor fins 30.
Within each vertical stack (30, 40, 62'), the semiconductor fin
30, the dielectric fin 40, and the cap dielectric fin 62' have the
same horizontal cross-sectional area, which is the same as the
horizontal cross-sectional area of the fin-defining dielectric
spacer 62 from which the cap dielectric fin 62' is derived. In
one embodiment, the buried insulator layer 20 can be
employed as an etch stop layer for the anisotropic etch that
forms the vertical stacks. Each vertical stack (30, 40, 62') can
extend over a greater lateral dimension along a lengthwise
direction LD than along a widthwise direction WD. As used
herein, a “lengthwise direction” is a direction along two
extremal portions of a structure that are farthest away from a
center of gravity of the structure.

In one embodiment, all of the fin-defining dielectric spac-
ers 62 can be consumed during the anisotropic etch that
transfers the pattern of the fin-defining dielectric spacers 62.
In this case, the cap dielectric fins 62' are not present over each
vertical stack of a semiconductor fin 30 and a dielectric fin 40.

Referring to FIGS. 7A and 7B, a photoresist layer 69 can be
applied over the plurality of vertical stacks (30, 40, 62'). The
photoresist layer 69 is subsequently lithographically pat-
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terned to cover clusters of lengthwise portions of the vertical
stacks (30, 40, 62') to be preserved to provide clusters remain-
ing portions of the vertical stacks (30, 40, 62'), while physi-
cally exposing portions of the vertical stacks (30, 40, 62') to
be removed.

In one embodiment, each of the plurality of vertical stacks
(30, 40, 62') can have a horizontal cross-sectional area of a
rectangular ring that extends over a greater lateral dimension
along a lengthwise direction than along a widthwise direction
that is perpendicular to the lengthwise direction. In one
embodiment, end portions of each vertical stack (30, 40, 62")
located along the lengthwise direction can be physically
exposed after patterning of the photoresist layer 69.

The physically exposed end portions of each vertical stack
(30, 40, 62') can be removed by an etch employing the pho-
toresist layer 69 as an etch mask. The etch can be a wet etch
ora dry etch. A vertical stack (30, 40, 62') having a horizontal
cross-sectional area of a rectangular ring can be divided into
two vertical stacks (30, 40, 62'), can be patterned into a single
vertical stack (30, 40, 62"), or can be removed. After removal
of'the end portions of the vertical stacks (30, 40, 62') includ-
ing the etched top semiconductor layer 30L (i.e., the semi-
conductor fins 30), the remaining portions of the etched top
semiconductor layer 30L. can include a plurality of semicon-
ductor fins 30 that are parallel among one another. In one
embodiment, all end walls of remaining portions of the plu-
rality of vertical stacks (30, 40, 62") can be formed within a
pair of vertical planes that are perpendicular to the lengthwise
direction LD upon the removal of the end portions of the
plurality of vertical stacks (30, 40, 62').

Referring to FIG. 8, the photoresist layer 69 is subse-
quently removed, for example, by ashing. In one embodi-
ment, each of the plurality of semiconductor fins 30 can
extend over a greater horizontal distance along the lengthwise
direction LD than along the widthwise direction WD. In one
embodiment, each of the plurality of semiconductor fins 30
can have a rectangular cross-sectional shape. In one embodi-
ment, each of the plurality of semiconductor fins 30 can be
parallel to one another. In one embodiment, each of the plu-
rality of parallel semiconductor fins 30 can have the same
width along the widthwise direction WD. Alternately, the fin
configuration in FIG. 8 may be directly patterned using
advanced lithography, i.e. a resist could have been applied on
the stack in FIG. 1, and patterned directly into the desired
image using advanced lithography, and this image could have
been transferred into the underlying stack.

A plurality of clusters C of vertical stacks (30, 40, 62') can
be formed. Within each cluster C, the plurality of semicon-
ductor fins 30 can be formed as a one-dimensional periodic
array of semiconductor fins 30 having a pitch along the width-
wise direction WD. The plurality of vertical stacks (30, 40,
62") extends over a greater horizontal distance along the
lengthwise direction LD than along the widthwise direction
WD. In one embodiment, each of the vertical stacks (30, 40,
62") can have a rectangular cross-sectional shape. Corre-
spondingly, each of the plurality of semiconductor fins 30 can
have the same rectangular cross-sectional shape.

For each of the plurality of semiconductor fins 30 in a
cluster C of vertical stacks (30, 40, 62"), the semiconductor fin
30 has a pair of parallel lengthwise vertical sidewalls that
extend along the lengthwise direction LLD. Within each cluster
C of vertical stacks (30, 40, 62"), the plurality of semiconduc-
tor fins 30 are parallel among one another. In one embodi-
ment, each of the plurality of semiconductor fins 30 can have
the same width along the widthwise direction WD.

Each dielectric fin 40 is located on top of one a semicon-
ductor fin 30. The horizontal cross-sectional shape of a
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dielectric fin 40 is the same as the horizontal cross-sectional
shape of the underlying semiconductor fin 30.

Within each cluster C of vertical stacks (30, 40, 62", a
plurality of vertical stacks (30, 40, 62') can be arranged as a
one-dimensional periodic array of semiconductor fins having
a pitch along the widthwise direction WD. Correspondingly,
within each cluster C of vertical stacks (30, 40, 62'), a plural-
ity of semiconductor fins 30 can be arranged as a one-dimen-
sional periodic array of semiconductor fins having a pitch
along the widthwise direction WD. Each of the semiconduc-
tor fins 30 can extend over a greater horizontal distance along
the same lengthwise direction LD than along the same width-
wise direction WD.

Referring to FIG. 9, a masking material layer 701 is formed
over the plurality of vertical stacks (30, 40, 62'). The thickness
of the masking material layer 70L is selected such that the
masking material layer 70L fills each volume between the
plurality of vertical stacks (30,40, 62") up to a topmost surface
of the plurality of vertical stacks (30, 40, 62'). The masking
material layer 70L can be a dielectric material having a dif-
ferent composition from the composition of a plurality of
dielectric fins 40 within the plurality of vertical stacks (30, 40,
62"). For example, the plurality of dielectric fins 40 can
include silicon oxide and the masking material layer 701 can
include silicon nitride, or vice versa. The masking material
layer 70L can include the same material as, or a material
different from, the cap dielectric fins 62' (if present). The
masking material layer 701 can be deposited by chemical
vapor deposition (CVD), atomic layer deposition (ALD), or
other conformal deposition methods known in the art.

Referring to FIGS. 10A and 10B, a patterned photoresist
layer 79 is formed over the masking material layer 70L. The
patterned photoresist layer 79 can be formed by applying a
blanket photoresist layer, and lithographically patterning the
blanket photoresist layer by lithographic exposure and devel-
opment. The patterned photoresist layer 79 is vertically and
laterally spaced from the plurality of vertical stacks (30, 40,
62") by the masking material layer 70L.

The blanket photoresist layer can be patterned such that
some of the sidewall of the patterned photoresist layer 79 can
be within vertical planes that are parallel to the lengthwise
direction LD of the plurality of semiconductor fins 30. Fur-
ther, the blanket photoresist layer can be patterned such that
the patterned photoresist layer 79 includes a sidewall that
contacts a top surface of a portion of the masking material
layer 70L that overlies the plurality of vertical stacks (30, 40,
62"). In one embodiment, a contiguous portion of the pat-
terned photoresist layer 79 includes one sidewall that is par-
allel to the lengthwise direction LD of the plurality of semi-
conductor fins 30 and contacts a top surface of a portion of the
masking material layer 70L that overlies the plurality of ver-
tical stacks (30, 40, 62'), and another sidewall that is parallel
to the lengthwise direction LD of the plurality of semicon-
ductor fins 30 and contacts a top surface of a portion of the
masking material layer 70L that does not overlie the plurality
of vertical stacks (30, 40, 62') as illustrated by the left side
portion of the patterned photoresist layer 79 in FIG. 10A. In
one embodiment, a contiguous portion of the patterned pho-
toresist layer 79 includes a pair of sidewalls that are parallel to
the lengthwise direction LD of the plurality of semiconductor
fins 30 and contacts a same top surface of a portion of the
masking material layer 70L that overlies the plurality of ver-
tical stacks (30, 40, 62') as illustrated by the right side portion
of the patterned photoresist layer 79 in FIG. 10A.

Insome embodiments, a sidewall of a vertical stack (30, 40,
62') among the plurality of vertical stacks (30, 40, 62') can be
located between an outermost semiconductor fin and a verti-



US 9,053,982 B2

9

cal plane that includes a sidewall of the patterned photoresist
layer 79 that is parallel to the lengthwise direction LD of the
plurality of semiconductor fins 30. As used herein, an outer-
most semiconductor fin is a semiconductor fin located at one
of the two outermost positions within each cluster C. (See
FIG. 8). Thus, each cluster C includes two outermost semi-
conductor fins. A sidewall of the outermost semiconductor fin
is an outermost sidewall among all sidewalls of semiconduc-
tor fins 30 that are present within the plurality of vertical
stacks (30, 40, 62') within a cluster C (See FIG. 8).

In further embodiments, the entirety of a vertical stack (30,
40, 62") among the plurality of vertical stacks (30, 40, 62') can
be located between an outermost semiconductor fin and a
vertical plane that includes a sidewall of the patterned photo-
resist layer 79 that is parallel to the lengthwise direction LD of
the plurality of semiconductor fins 30. For example, the ver-
tical stack (30, 40, 62') located at the second position from the
left in FIG. 10A is located between an outermost semicon-
ductor fin (the leftmost semiconductor fin in FIG. 10A) and a
vertical plane that includes a sidewall (i.e., the leftmost side-
wall in FIG. 10A) of the patterned photoresist layer 79 that is
parallel to the lengthwise direction LD of the plurality of
semiconductor fins 30.

In one embodiment, at least one vertical plane that includes
a sidewall of the patterned photoresist layer 79 that is parallel
to the lengthwise direction LD of the plurality of semicon-
ductor fins 30 can be between a pair of sidewalls of the
vertical stack (30, 40, 62') that are parallel to the lengthwise
direction L.D. For example, two vertical planes corresponding
to the two sidewalls of the right portion of the patterned
photoresist layer 79 illustrated in FIG. 10A are between two
outermost sidewalls of the plurality of vertical stack (30, 40,
62") within the right side cluster in FIG. 10A, which are a pair
of sidewalls of the vertical stack (30, 40, 62') that are parallel
to the lengthwise direction LD.

Referring to FIG. 11, portions of the masking material
layer 70L that are not covered by the patterned photoresist
layer 79 can be removed by an etch, which can be an isotropic
etch. A portion of a sidewall of an outermost semiconductor
fin is physically exposed. The sidewall of the outermost semi-
conductor fin that includes a physically exposed portion is an
outermost sidewall of a cluster C of vertical stack (30, 40,
62"). The masking material layer 701 can contact another
portion (i.e., a portion that is not physically exposed) of the
outermost sidewall of the outermost semiconductor fin.

The duration of the etch is controlled such that the masking
material portions 70L contacts the entirety of another side-
wall of the outermost semiconductor fin after the outermost
sidewall of the outermost semiconductor fin is physically
exposed. A recessed top surface of remaining portions of the
masking material layer 70L. can be located between a hori-
zontal plane of a topmost surface of semiconductor fins 30
within the plurality of vertical stacks (30, 40, 62') and a
horizontal plane of a topmost surface of cap dielectric fins 62"
within the plurality of vertical stacks (30, 40, 62"). If cap
dielectric fins are not present, a recessed top surface of
remaining portions of the masking material layer 70L. can be
located between a horizontal plane of a topmost surface of
semiconductor fins 30 within the plurality of vertical stacks
(30, 40, 62') and a horizontal plane of a topmost surface of
dielectric fins 40 within the plurality of vertical stacks (30,
40).

In one embodiment, a portion of a sidewall of another
outermost semiconductor fin among the plurality of semicon-
ductor fins 30 can be physically exposed by removing por-
tions of the masking material layer 70L that are not covered
by the patterned photoresist layer 79. For example, portions
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of two outermost semiconductor fins are physically exposed
within the cluster of vertical stacks (30, 40, 62') located in the
right side of the exemplary structure in FIG. 11.

Referring to FIG. 12, physically exposed portions of out-
ermost semiconductor fins are removed, for example, by an
isotropic etch. Specifically, a portion of each physically
exposed outermost semiconductor fin can be removed by
etching the physically exposed portions of the outermost
semiconductor fin, while a remaining portion of the masking
material layer 70L is present on the buried insulator layer 20.

The removal of the semiconductor material of the outer-
most semiconductor fins can be performed selective to the
dielectric material of the plurality of dielectric fins 40. In this
case, a portion of a outermost semiconductor fin can be
removed from underneath an outermost dielectric fin among
the plurality of vertical stacks (30, 40, 62'). An exemplary wet
etch for removing semiconductor materials selective to
dielectric materials is a potassium hydroxide (KOH) etch.
Other etch chemistries for removing a semiconductor mate-
rial selective to dielectric materials can also be employed.

In one embodiment, a first remaining portion of the outer-
most semiconductor fin and a second remaining portion of the
outermost semiconductor fin can be laterally spaced from
each other, and can contact a bottom surface of an overlying
outermost dielectric fin after the etching of the physically
exposed portion of the outermost semiconductor fin.

In some embodiments, a portion of at least another outer-
most semiconductor fin can be removed by simultaneously
etching the portion of the at least another outermost semicon-
ductor fin, while the remaining portion of the masking mate-
rial layer 70L is present on the buried insulator layer 20. For
example, portions of two outermost semiconductor fins are
simultaneously etched within the cluster of vertical stacks
(30, 40, 62') located in the right side of the exemplary struc-
ture in FIG. 12. All other semiconductor fins among the
plurality of semiconductor fins that are located between the
two outermost semiconductor fins within a cluster of vertical
stacks (30, 40, 62') are not etched during the etching of the
portions of the outermost semiconductor fins.

Concurrently with the etching of the portion(s) of the out-
ermost semiconductor fin(s), recessed region R are formed in
the buried insulator layer 20 by etching physically exposed
portions of the buried insulator layer 20. The etching of the
physically exposed portions of the buried insulator layer 20 is
a collateral etch, i.e., an etch that is a collateral consequence
of'the etch that removes the physically exposed portions of the
outermost semiconductor fin(s).

Each recessed region R can include a recessed horizontal
surface and a curved surface that adjoins the recessed hori-
zontal surface. The curved surface adjoins a topmost surface
of'the buried insulator layer 20 at a recess edge RE, which can
be a straight line along the lengthwise direction LD of the
plurality of semiconductor fins 30. Each recess edge adjoins
a bottom surface of an outermost semiconductor fin. The
locations of recess edges RE are illustrated as dotted lines in
FIG. 13B.

Referring to FIGS. 13A, 13B, 13C, the patterned photore-
sist layer 79 and the masking material layer 701 are removed
selective to the semiconductor material of the plurality of
semiconductor fins 30. The removal of the patterned photo-
resist layer 79 can be effected, for example, by ashing. The
removal of the masking material layer 701 can be performed,
for example, by an etch that is selective to the semiconductor
material of the plurality of semiconductor fins 30 and the
dielectric material of the buried insulator layer 20. Optionally,
the removal of the masking material layer 701 can be selec-
tive to the plurality of dielectric fins 40. For example, if the
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buried insulator layer 20 and the plurality of dielectric fins 40
include silicon oxide, and if the masking material layer 70L
and the cap dielectric fins 62' (if present) includes silicon
nitride, a wet etch employing hot phosphoric acid can be
employed to remove the masking material layer 70L. and the
cap dielectric fins 62' (if present) selective to the semiconduc-
tor material of the plurality of semiconductor fins 30, the
plurality of dielectric fins 40, and the buried insulator layer
20.

The exemplary structure illustrated in FIGS. 13A,13B, and
13C includes different types of semiconductor fins (30A,
30B, 30C). It is noted that reference numerals 30A, 30B, and
30C refer to different types of semiconductor fins 30. Further,
reference numerals 40A and 40B refer to different types of
dielectric fins 40.

Within the exemplary structure is a stack (30A, 40A) of a
semiconductor fin 30A and a dielectric fin 40A located on an
insulator layer, i.e., the buried insulator layer 20, and extend-
ing along a lengthwise direction, i.e., the lengthwise direction
LD. A first semiconductor end wall 301 of the semiconductor
fin 30A and a first dielectric end wall 401 of the dielectric fin
40A are vertically coincident with each other, and a second
dielectric end wall 402 of the dielectric fin 40A extends
farther along the lengthwise direction LD than a second semi-
conductor end wall 302 of the semiconductor fin 30A. As
used herein, a first surface and a second surface are vertically
coincident with each other if the first surface and the second
surface are located within a same vertical plane. A pair of
semiconductor sidewalls 309 of the semiconductor fin 30A is
vertically coincident with a pair of dielectric sidewalls 409 of
the dielectric fin 40 A and extends along the lengthwise direc-
tion LLD.

A second stack (30B, 40B) of a second semiconductor fin
30B and a second dielectric fin 40B can be located on the
buried insulator layer 20 and laterally spaced from the stack
(30A, 40A) by a uniform distance. As used herein, a first
element and a second element are laterally spaced by a uni-
form distance if the shortest lateral distance between the first
element and the second element is invariant under a transla-
tion along a horizontal direction. A third semiconductor end
wall 411 of the second semiconductor fin 30B and a third
dielectric end wall 411 of the second dielectric fin 40B are
vertically coincident with each other, and a fourth semicon-
ductor end wall 312 of the second semiconductor fin 30B and
a fourth dielectric end wall 412 of the second dielectric fin
40B are vertically coincident with each other. The entirety of
the second semiconductor fin 30B can contact the topmost
surface of the buried insulator layer 20.

The second dielectric end wall 402, the fourth semicon-
ductor end wall 302, and the fourth dielectric end wall 412 can
be located within a planar (not-curved) vertical plane. Fur-
ther, the first semiconductor end wall 301, the first dielectric
end wall 401, the third semiconductor end wall 311, and the
third dielectric end wall 411 can be located within another
planar vertical plane.

The exemplary structure further includes another semicon-
ductor fin 30C located on the buried insulator layer 20 and
underlying the dielectric fin 40 A. The semiconductor fin 30A
and the other semiconductor fin 30C are laterally spaced from
each other along the lengthwise direction LD. The other semi-
conductor fin 30C can include another semiconductor end
wall 303 that is vertically coincident with the second dielec-
tric end wall 402 of the dielectric fin 40.

In one embodiment, the removed portion of the outermost
semiconductor fin, i.e., the semiconductor fin from which the
semiconductor fin 30A and the semiconductor fin 30C are
derived, can be between, and laterally spaced from, a first
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vertical plane including the first semiconductor end wall 301,
the first dielectric end wall 401, the third semiconductor end
wall 311, and the third dielectric end wall 411 and a second
vertical plane including the second dielectric end wall 402,
the fourth semiconductor end wall 302, and the fourth dielec-
tric end wall 412.

In general, in addition to the stack (30A, 40A) of a semi-
conductor fin 30A and a dielectric fin 40A, at least another
stack (30B, 40B) can be provided on the buried insulator layer
20 in the exemplary structure. Each of the at least another
stack (30B, 40B) includes another semiconductor fin 30B and
another dielectric fin 40B. A lateral extent of each of the at
least another stack (30B, 40B) along the lengthwise direction
LD can be from a first vertical plane including the first semi-
conductor end wall 301 and the first dielectric end wall 401 to
a second vertical plane including the second dielectric end
wall 402. The at least another stack (30B, 40B) can be a
plurality of stacks (30B, 40B) that forms an array of periodic
structures having a periodicity along a horizontal direction
perpendicular to the lengthwise direction LD. In one embodi-
ment, a lateral spacing between the stack (30A, 40A) and a
most proximate stack among the plurality of stacks (30B,
40B) can be the same as a lateral spacing among the plurality
of stacks (30B, 40B).

The buried insulator layer 20 can include a topmost surface
and a recessed region R including a recessed horizontal sur-
face and a curved surface that adjoins the recessed horizontal
surface and adjoins the topmost surface at a recess edge RE.
The recess edge RE adjoins a bottom surface of the semicon-
ductor fin 30A. In an embodiment in which a semiconductor
fin 30C is not formed underneath a portion of the dielectric fin
40A that includes the second dielectric end wall 402 (for
example, by altering the pattern of the patterned photoresist
layer 79), the recess edge RE can be parallel to the lengthwise
direction LD and can extend to a vertical plane including the
second dielectric end wall 402 and the fourth semiconductor
end wall 312.

Referring to FIGS. 14A and 14B, gate dielectrics 52, gate
electrodes 54, and gate spacers 82 can be subsequently
formed. One of the gate dielectrics 52 can contact a bottom
surface of a portion of the dielectric fin 40A that extends
farther along the lengthwise direction than a second semicon-
ductor end wall 302 (See FIG. 13B) of the semiconductor fin
30A (See FIG. 13B). One of the gate electrodes 54 overlying
the portion of the dielectric fin 40A that extends farther along
the lengthwise direction than the second semiconductor end
wall 302 of the semiconductor fin 30A.

Referring to FIGS. 15A and 15B, a variation of the exem-
plary structure can be derived from the exemplary structure
shown in FIGS. 13A, 13B, and 13C by removing the dielec-
tric fins 40 selective to the semiconductor fins (30A, 30B,
30C). A semiconductor fin 30A extending along a lengthwise
direction LD is located on the buried insulator layer 20. The
buried insulator layer 20 includes a topmost surface and a
recessed region. The recessed region includes a recessed hori-
zontal surface and a curved surface. The curves surface
adjoins the recessed horizontal surface and adjoins the top-
most surface at a recess edge RE. The recess edge RE adjoins
a bottom surface of the semiconductor fin 30A. The recess
edge RE is parallel to the lengthwise direction LD.

A second semiconductor fin 30B is located on the buried
insulator layer 20 and is laterally spaced from the semicon-
ductor fin 30A by a uniform distance along a horizontal
direction perpendicular to the lengthwise direction LD. The
semiconductor fin 30A has a first semiconductor end wall 301
and a second semiconductor end wall 302 that are perpen-
dicular to the lengthwise direction LD. The second semicon-
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ductor fin 30B has a third semiconductor end wall 311 and a
fourth semiconductor end wall 312 that are perpendicular to
the lengthwise direction LD. The first semiconductor end
wall 301 and the third semiconductor end wall 311 can be
located within a same vertical plane. A recess edge RE can
extend from a vertical plane including the second semicon-
ductor end wall along the lengthwise direction LD.

A plurality of semiconductor fins 30B that forms an array
of periodic structures can be present. The plurality of semi-
conductor fins 30B can have a periodicity along a horizontal
direction perpendicular to the lengthwise direction LD. A
lateral spacing between semiconductor fin 30A and a most
proximate semiconductor fin among the plurality of semicon-
ductor fins 30B can be the same as the lateral spacing among
the plurality of semiconductor fins 30B. Each of the semicon-
ductor fins (30A, 30B, 30C) can include a single crystalline
semiconductor material.

Referring to FIGS. 16A and 16B, gate diclectrics 52, gate
electrodes 54, and gate spacers 82 can be subsequently
formed. A first gate electrode (e.g., one of the two gate elec-
trodes 54 at the top or one of the two gate electrodes 54 at the
bottom) straddles a portion of the semiconductor fin 30A and
the second semiconductor fin 30B (See FIG. 15B) between
the vertical plane including the first semiconductor end wall
301 and the third semiconductor end wall 311 and a vertical
plane including the second semiconductor end wall 302. A
second gate electrode (e.g., one of the two middle gate elec-
trodes 54) straddles a portion of the second semiconductor fin
30B (See FIG. 15B) between the vertical plane including the
second semiconductor end wall 302 and another vertical
plane including the fourth semiconductor end wall 312. The
gate dielectrics 53 can contact the topmost surface, the
recessed horizontal surface, and the curved surfaces within
the recessed region of the buried insulator layer 20.

The methods of the present disclosure enable removal of a
portion of a single semiconductor fin or two semiconductor
fins from a cluster of semiconductor fins 30, which may be
arranged in a one-dimensional array with a minimum litho-
graphic pitch or a sublithographic pitch, i.e., a pitch that
cannot be printed by a single lithographic exposure. The
methods of the present disclosure can be employed to remove
aportion of a single outermost semiconductor fin, or portions
of'two outermost semiconductor fins, irrespective of the pitch
of the one-dimensional array of semiconductor fins within a
cluster. Thus, the methods of the present disclosure can be
particularly useful in providing local tailoring of the number
of fingers in fin field effect transistors employing a cluster of
semiconductor fins which has a sublithographic pitch or oth-
erwise includes a small dimension for a lateral spacing
between adjacent semiconductor fins that is comparable with
overlay tolerance of lithographic tools.

While the disclosure has been described in terms of spe-
cific embodiments, it is evident in view of the foregoing
description that numerous alternatives, modifications and
variations will be apparent to those skilled in the art. Each of
the embodiments described herein can be implemented indi-
vidually or in combination with any other embodiment unless
expressly stated otherwise or clearly incompatible. Accord-
ingly, the disclosure is intended to encompass all such alter-
natives, modifications and variations which fall within the
scope and spirit of the disclosure and the following claims.

What is claimed is:

1. A semiconductor structure comprising a stack of a semi-
conductor fin and a dielectric fin located on an insulator layer,
said stack extending along a lengthwise direction that is par-
allel to a topmost surface of said insulator layer, wherein a
length of said dielectric fin is greater than a length of said
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semiconductor fin such that a first semiconductor end wall of
said semiconductor fin and a first dielectric end wall of said
dielectric fin are vertically coincident with each other, and a
second dielectric end wall of said dielectric fin extends farther
along said lengthwise direction than a second semiconductor
end wall of said semiconductor fin, wherein said first and said
second semiconductor end walls of said semiconductor fin
and said first and said second dielectric end walls of said
dielectric fin are perpendicular to said topmost surface of said
insulator layer.

2. The semiconductor structure of claim 1, wherein a pair
of semiconductor sidewalls of said semiconductor fin is ver-
tically coincident with a pair of dielectric sidewalls of said
dielectric fin.

3. The semiconductor structure of claim 1, further com-
prising a second stack of a second semiconductor fin and a
second dielectric fin located on said insulator layer and later-
ally spaced from said stack by a uniform distance along a
horizontal direction perpendicular to said lengthwise direc-
tion, wherein a third semiconductor end wall of said second
semiconductor fin and a third dielectric end wall of said
second dielectric fin are vertically coincident with each other,
and a fourth semiconductor end wall of said second semicon-
ductor fin and a fourth dielectric end wall of said second
dielectric fin are vertically coincident with each other.

4. The semiconductor structure of claim 3, wherein said
second dielectric end wall, said fourth semiconductor end
wall, and said fourth dielectric end wall are located within a
vertical plane.

5. The semiconductor structure of claim 4, wherein said
first semiconductor end wall, said first dielectric end wall,
said third semiconductor end wall, and said third dielectric
end wall are located within another vertical plane.

6. The semiconductor structure of claim 1, further com-
prising another semiconductor fin located on said insulator
layer and underlying said dielectric fin, wherein said semi-
conductor fin and said another semiconductor fin are laterally
spaced from each other along said lengthwise direction.

7. The semiconductor structure of claim 6, wherein said
another semiconductor fin comprises another semiconductor
end wall that is vertically coincident with said second dielec-
tric end wall of said dielectric fin.

8. The semiconductor structure of claim 1, further com-
prising at least another stack located on said insulator layer,
wherein each of said at least another stack comprises another
semiconductor fin and another dielectric fin, and a lateral
extent of each of said at least another stack along said length-
wise direction is from a first vertical plane including said first
semiconductor end wall and said first dielectric end wall to a
second vertical plane including said second dielectric end
wall.

9. The semiconductor structure of claim 8, wherein said at
least another stack is a plurality of stacks that forms an array
of periodic structures having a periodicity along a horizontal
direction perpendicular to said lengthwise direction.

10. The semiconductor structure of claim 9, wherein a
lateral spacing between said stack and a most proximate stack
among said plurality of stacks is the same as a lateral spacing
among said plurality of stacks.

11. The semiconductor structure of claim 8, further com-
prising a gate dielectric contacting a bottom surface of a
portion of said dielectric fin that extends farther along said
lengthwise direction than a second semiconductor end wall of
said semiconductor fin.

12. The semiconductor structure of claim 11, further com-
prising a gate electrode overlying said portion of said dielec-
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tric fin that extends farther along said lengthwise direction
than a second semiconductor end wall of said semiconductor
fin.

13. The semiconductor structure of claim 1, wherein said
insulator layer includes a topmost surface and a recessed
region including a recessed horizontal surface and a curved
surface that adjoins said recessed horizontal surface and
adjoins said topmost surface at a recess edge, wherein said
recess edge adjoins a bottom surface of said semiconductor
fin.

14. The semiconductor structure of claim 13, wherein said
recess edge is parallel to said lengthwise direction.

15. The semiconductor structure of claim 13, further com-
prising a second stack of a second semiconductor fin and a
second dielectric fin located on said insulator layer and later-
ally spaced from said stack by a uniform distance along a
horizontal direction perpendicular to said lengthwise direc-
tion, wherein a third semiconductor end wall of said second
semiconductor fin and a third dielectric end wall of said
second dielectric fin are vertically coincident with each other,
and a fourth semiconductor end wall of said second semicon-
ductor fin and a fourth dielectric end wall of said second
dielectric fin are vertically coincident with each other,
wherein an entirety of said second semiconductor fin contacts
said topmost surface of said insulator layer.

16. A semiconductor structure comprising a semiconduc-
tor fin located on an insulator layer and extended along a
lengthwise direction and another semiconductor fin is located
on said insulator layer and extended along said lengthwise
direction, said semiconductor fin spaced from said another
semiconductor fin along said lengthwise direction such that a
semiconductor end wall of said semiconductor fin faces a
semiconductor end wall of said another semiconductor fin,
wherein said insulator layer includes a topmost surface and a
recessed region including a recessed horizontal surface and a
curved surface that adjoins said recessed horizontal surface
and adjoins said topmost surface at a recess edge, wherein
said recess edge adjoins a bottom surface of each of said
semiconductor fin and said another semiconductor fin, and
wherein said lengthwise direction is parallel to said topmost
surface of said insulator layer and said semiconductor end
wall of said semiconductor fin and said semiconductor end
wall of said another semiconductor fin are perpendicular to
said topmost surface of said insulator layer.

17. The semiconductor structure of claim 16, wherein said
recess edge is parallel to said lengthwise direction of said
semiconductor fin.

18. The semiconductor structure of claim 17, further com-
prising a second semiconductor fin located on said insulator
layer and laterally spaced from said semiconductor fin and
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said another semiconductor fin by a uniform distance along a
horizontal direction perpendicular to said lengthwise direc-
tion.

19. The semiconductor structure of claim 18, wherein said
semiconductor fin has a first semiconductor end wall and a
second semiconductor end wall that are perpendicular to said
lengthwise direction, said second semiconductor fin has a
third semiconductor end wall and a fourth semiconductor end
wall that are perpendicular to said lengthwise direction, said
another semiconductor fin has a fifth semiconductor end wall
and a sixth semiconductor end wall that are perpendicular to
said lengthwise direction, and said first semiconductor end
wall and said third semiconductor end wall are located within
a same vertical plane, said fourth semiconductor end wall and
said sixth semiconductor end wall are located within a same
another vertical plane, said second semiconductor end wall
and said fifth semiconductor end wall are facing each other
along said lengthwise direction.

20. The semiconductor structure of claim 19, wherein said
recess edge extends from a vertical plane including said sec-
ond semiconductor end wall.

21. The semiconductor structure of claim 19, further com-
prising:

a first gate electrode that straddles a portion of said semi-
conductor fin and said second semiconductor fin
between said same vertical plane and a vertical plane
including said second semiconductor end wall;

a second gate electrode that straddles a portion of said
another semiconductor fin and said second semiconduc-
tor fin between said same another vertical plane and a
vertical plane including said fifth semiconductor end
wall; and

athird gate electrode that straddles a portion of said second
semiconductor fin between said vertical plane including
said second semiconductor end wall and said vertical
plane including said fifth semiconductor end wall.

22. The semiconductor structure of claim 19, further com-
prising a gate dielectric contacting said topmost surface, said
recessed horizontal surface, and said curved surface.

23. The semiconductor structure of claim 17, further com-
prising a plurality of semiconductor fins that forms an array of
periodic structures having a periodicity along a horizontal
direction perpendicular to said lengthwise direction.

24. The semiconductor structure of claim 23, wherein a
lateral spacing between said second semiconductor fin and a
most proximate semiconductor fin among said plurality of
semiconductor fins is the same as a lateral spacing among said
plurality of semiconductor fins.

25. The semiconductor structure of claim 16, wherein said
semiconductor fin comprises a single crystalline semicon-
ductor material.



